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Abstract 
A plethora of remanufacturing research investigates production planning and control; however, there remains a lack of 
understanding regarding managerial and organisational issues in remanufacturing, in particular how the different functions of 
remanufacturing companies collaborate. In a conventional manufacturing context, cross-functional collaborations have not been 
much investigated, while in a remanufacturing context the lack of understanding of this topic is even worse. Motivated by this 
research gap, this study attempts to investigate cross-functional collaborations in remanufacturing companies. To do this, the 
author presents a review of current literature to identify gaps, and thereafter proposes a set of research questions. The research 
design and methods are discussed, as well as a justification of why they were chosen. The main contributions of this study are 
twofold; first, it identifies areas within remanufacturing companies that require cross-functional collaboration. These 
collaborations are unique and cannot be found in conventional manufacturing companies. Second, the study describes how these 
collaborations work. Some differences between these collaborations and those within conventional manufacturing are also 
discussed. In the last section, the author concludes and summarises the contribution to knowledge, the implication for practical 
fields and potential limitations of this study that can be addressed in future investigations.  
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1. Introduction 
Remanufacturing is the process of returning used products to a ‘like new’ condition that offers warranty and 
quality performance, equal to or higher than that of new products (Ijomah et al. 2004; Thierry et al. 1995). The 
remanufacturing process consists of a number steps, including collecting, sorting, cleaning, disassembling, testing, 
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and reassembling (Ijomah 2009). The generic process of remanufacturing is presented in Figure 1. Literature 
highlights that bottlenecks in remanufacturing are mainly caused by lack of cores as the raw materials (Lind et al. 
2014). This can be easily understood, since the raw materials for remanufacturing are not new materials; rather, they 
are previously used products, so-called ‘cores’.  
 
 
Fig. 1. Generic process of remanufacturing 
Given that cores are obtained from the market after they have been used by customers, it is difficult to predict 
when (time uncertainty), how many (quantity uncertainty) and in what condition (quality uncertainty) they will 
arrive. In addition to the uncertainties mentioned above, the remanufacturing process itself also involves a number of 
uncertainties. Guide Jr et al. (2000) identified seven characteristics that distinguish remanufacturing from 
manufacturing.  
To obtain the cores from customers, remanufacturers should implement reverse supply chains to redistribute used 
products from point of use to point of recovery (Rogers et al. 2002). In reverse supply chains there are a number of 
options that remanufacturers can choose from; these include whether they use an open or closed-loop supply chain, 
single or many reverse supply chain networks, decentralised or centralised collection points, and so on. All of these 
options mean that decision making for a reverse supply chain is more complex than for a conventional supply chain. 
These complexities occur when the cores have not yet arrived at the remanufacturers’ facility. However, once the 
cores have arrived, this does not mean that the problems disappear. There are many further complexities relating to 
production planning and control of the remanufacturing process (Guide Jr. 2000).  
The research topics of production planning and control in remanufacturing were the focus of academic 
investigation during the early 1990s up until the beginning of the 2000s. During this period, studies predominantly 
approached the topic from a single perspective, such as mechanical engineering, or environmental science. In terms 
of methodology, these investigations typically utilised quantitative methods such as operations research, 
mathematical modeling and simulations (Guide & Van Wassenhove 2009). From a managerial perspective, this topic 
can be categorised as low level managerial, dealing with day-to-day operations.  
Guide and Van Wassenhove (2009) further suggest that there will be a shift pertaining to the topics investigated 
in the field of remanufacturing. Future research will require a more strategic perspective that integrates business 
analysis as well as operational analysis. The authors argued that the required research will have three distinguishing 
features: it will be cross-functional, involving a multidisciplinary approach, it will tend to be ‘soft science’ rather 
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than ‘hard science’, and will feature cross-organisation that engages with other organisations. These characteristics 
will be typical of future research in operations management (Karlsson 2009). ‘Hard science’ in this sense refers to 
topics related to technical and operational issues, which have been discussed intensively in the past (for example 
finding optimum locations, analysing optimum batch order size, determining optimum inventory level, designing 
optimum reverse logistics network, and so on). On the other hand, ‘soft science’ deals with topics related to 
organisational issues that are not directly related to production planning and control in remanufacturing; these 
include how to market remanufactured products, financial aspects of remanufacturing, management of the buyer-
supplier relationship management, and so on.  
It has been argued that organisational issues in remanufacturing is the most urgent topic for examination 
(Subramoniam et al. 2009); however, research investigating this gap remains scarce. To be more specific, there is a 
notable lack of understanding of cross-functional collaborations in existing literature. Many authors argue that there 
is also lack of understanding in the conventional manufacturing context - for example, Holweg and Pil (2008) and 
Pagell (2004), among many others – while understanding cross functional collaboration in remanufacturing is even 
less. There is, at present, no research investigating cross-functionality in the remanufacturing context, in particularly 
which areas require cross-functional collaborations and how these collaborations work. Literature thus highlights the 
need to undertake investigations involving various functions in order to develop a comprehensive business 
framework (Subramoniam et al. 2009). From the discussion in the paragraphs above, it is evident that there is a clear 
gap in literature, which raises the following research questions: 
Research question 1: What are the key areas that require cross-functional collaborations in remanufacturing 
companies? 
Research question 2. How do cross-functional collaborations in remanufacturing companies work? 
 
The remainder of this paper will be organised into four sections. The next section will discuss the research 
method applied in this study, which will be followed by a number of case studies. The research method section will 
explain how the research was designed, along with the justification of this process, while the case studies will 
present data regarding the background of the case companies, which provide the contextual information for the 
research. Then, the findings and analysis section will discuss emerging patterns, drawing on the case companies. The 
answers to the two research questions will be presented separately in two different sub-sections, in order to facilitate 
their readability. The last section, the conclusion and limitations of the study, will present the contribution to 
knowledge made by this study, the implications for managerial practices and limitations of the study, as well as 
directions for future investigations.  
2. Research Method 
2.1. Case Study Design 
This study adopts a case study method and follows the research design described by Yin (2009) and Eisenhardt 
(1989). In this method, an iterative process of literature review, data collection and data analysis are necessary to 
respond to the latest research processes (Edmondson & McManus 2007). When deciding upon the number of 
subjects, the potential contributions of the new subject should be considered (Eisenhardt 1989). Further, the ability 
to justify whether or not to add further subjects is a critical skill required for qualitative research (Voss et al. 2002). 
In a case study, the decision-making process in relation to samples does not only involve a determination of how 
many, but also the composition of the sample (Eisenhardt & Graebner 2007; Eisenhardt 1989). The number and 
composition of case studies should enable the researcher to undertake direct and indirect replications. This study 
discusses two remanufacturing companies with different characteristics; the subjects, which consist of different 
types of remanufacturer, enable the researcher to undertake indirect replications and predict different emerging 
patterns. The differences are intended to predict different results – i.e. indirect replications – while the similarities of 
product types remanufactured by the subjects enables later researchers to perform direct replications (Yin 2009).  
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2.2. Data Collection Method 
The exploratory research design is flexible toward emerging phenomena in the field, but this does not mean that it is 
without direction. For this reason, the researcher is guided by a case study protocol to provide a clear direction of 
what is to be achieved. The results of interviews are triangulated using information from other sources, in this case 
including company documentations, observations and other employees, to ensure the validity and reliability of data 
(Yin 2009). In this research, each manager was asked a set of semi-structured questions pertaining to how they 
collaborate with managers from other functions; their responses were analysed to form the basis for the next 
interviews with different subjects. Where necessary, the researcher should return to previous subjects to clarify new 
issues that emerge in later interviews (Edmondson & McManus 2007). 
3. Case Studies 
As has been mentioned above, this study uses two case companies, with different characteristics. The sub-
sections below will describe these case companies. General findings relating to the companies, which provide 
context to the research, will also be discussed in the following sub-sections.  
3.1. Company Y: A gearbox remanufacturing company 
Company Y is an independent remanufacturing company that remanufactures gearboxes, situated in Glasgow, 
United Kingdom. The company was established in 1976 as a family business, and has remained so ever since. The 
company obtains most of its cores from individual customers in the market. For this reason, the number, type and 
condition of the cores arriving with the company vary widely. In addition to the cores obtained from individual 
customers, the company buys cores from dealers in bulk. Obtaining a large volume of cores is cheaper although the 
quality is always guaranteed. As an independent remanufacturing company, cores procurement is the main 
bottleneck for the company, as obtaining cores is not always easy for them.  
Due to its small size, the working atmosphere in Company Y is casual and people in the company are able to 
work together easily. As many as 35 employees within the company are multi-skilled staff that can be rotated from 
one position to another easily. In case any employee experiences difficulty in making a decision, they can always 
find someone to help. In addition, there is no formal training to equip its employees prior to beginning their role, but 
rather the employees rely on their experience to carry out their tasks.  
Company Y serves many clients with a large number of product types that require different remanufacturing 
processes for each product. Most customer orders are customized, and in units rather than in batches, so that the 
company must bear a high variable cost, but low fixed cost. To support this, the company adopts a job shop 
production system with the support of multi-skilled workers.  
3.2. Company Z: A photocopier remanufacturing company 
Company Z is a photocopier remanufacturing company also located in Glasgow, United Kingdom. The company 
is a part of a global photocopier manufacturing company, so it can be categorised as an OEM remanufacturer. In 
addition, the company is also a contract remanufacturer that offers remanufacturing services to other photocopier 
OEMs, such as Canon. For this reason, the company can be categorised as a contract and OEM remanufacturer. 
With the support of as many as 43 employees, it can remanufacture approximately 50 photocopiers per month.  
Besides undertaking remanufacturing operations, the company manages assembly operations for brand new 
photocopiers. It has a large amount of new components stock that is ready for assembly in new products. The new 
components are also useful to the reassembly process in remanufacturing. For this reason, the company almost never 
lacks new components supplies.  
As an OEM, the company has a better established organisational mechanism in comparison to Company Y. 
There is a clear organisational structure, chain of command, authority and responsibility, which are all beneficial for 
the purpose of clarity regarding who is responsible for what. However, this also creates a rigidity that might hinder 
cross-functional collaboration. Functional silos are also clearer in this company, compared with Company Y.  
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The company offers a leasing agreement to its customers, so that the circulation of the photocopiers forms a 
closed-loop supply chain. The closed-loop supply chain means that the cores’ arrival is more predictable. Under this 
agreement, the company retains the machine ownership and ensures that the equipment is in good working 
condition. In fact, the company averages almost 100 new box machines per month, which is also the foundation for 
the future remanufactured machines; in 2.5 to 3 years’ time, the company will have 100 second hand machines 
coming back through, which the company will be able to remanufacture. 
4. Findings and Analysis 
4.1. Research Question 1: Key areas that require cross-functional collaborations  
The first research question asks which are the areas that require cross-functional collaboration. Drawing on 
empirical evidence, this study identifies three key functions involving cross-functional collaboration to address 
critical areas: procurement, finance and marketing. All informants agreed that the finance function is a critical 
element of remanufacturing. The marketing function deals with demand from the market, while procurement is 
concerned with the supply of cores, as the raw materials. Demand and supply are mentioned in existing literature as 
the main causes of bottlenecks (Subramoniam et al. 2010; Subramoniam et al. 2009; Atasu et al. 2008), which are 
difficult to manage; this is due to the fact that both involve external parties and therefore an analysis that covers both 
functions is badly needed.  
Table 1 presents a list of areas that require cross-functional collaborations between the three functions, followed 
by a detailed description of each area in the subsequent section. The collaborations presented in the table are unique 
to remanufacturing companies. The letters and numbers within parentheses indicate the case company codes, while 
the frequency of the appearances of the codes demonstrates the strength of the evidence; the higher the number of 
the ticks, the stronger the empirical findings. 
Table 1. Areas requiring cross-functional collaboration  
Areas of collaborations Procurement  Finance Marketing 
Forecasting of new parts that need to be inserted during the reassembly process YY 
ZZZ 
YYY 
Z 
 
ZZ 
Estimation of how many and when used products will be returned by customers YY 
ZZZ 
 YYY 
Z 
Investment in product recovery technologies  Y 
ZZ 
YYY 
ZZ 
Estimation of the selling price of remanufactured products based on cores’ 
condition  
YYY 
ZZ 
 
 
YY 
ZZZ 
Assessing the value of incoming cores and the depreciation value of 
inventories 
YYY 
ZZ 
 AA 
Z 
Avoiding product return and gate keeping YYY 
Z 
 Y 
ZZZ 
Deciding whether to buy new components or cannibalise existing components YYY 
ZZ 
YYY 
Z 
 
Determining the cost of the product warranty sold to customers  YYY 
ZZ 
YYY 
ZZ 
Key:  
L: letter Y or Z, indicates the code of the case companies 
L        : weak evidence found  
 
LL     : moderate evidence found  
LLL  : strong evidence found 
 
Forecasting of new parts that need to be inserted during the reassembly process. 
This issue is related to the recovery rates of cores components. It is extremely rare, if not impossible, for a core 
to achieve a 100 percent recovery rate. This is due to the fact that customers have different patterns of usage and 
product preferences. 
In Company Y, the amount of budget allocated to buy new components is minimal. As a small-sized 
independent remanufacturer, it is much cheaper to make or modify existing components than to buy new ones. 
Buying new components is the last resort for the company. To organise the budget for buying new parts, 
procurement and finance function staff work together to determine how the amount of funds that should be 
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allocated. Procurement and finance managers make this decision with the support of historical data. In some cases, 
historical data is adopted as-is to predict new part requirements for future years.  
In the meantime, Company Z allocates the number of new parts as a percentage of new products sold to 
customers. The data regarding new products sold to customers is used for this, as the supply chain network in the 
company is a closed-supply chain. A closed-supply chain that is combined with a product-service system offering, 
as in Company Z, is advantageous because cores arrival can be predicted more accurately.  
 
Estimation of how many and when used products will be returned by customers. 
The marketing and procurement functions collaborate to address this issue. The procurement function requires 
support from the marketing function, who better understand the market conditions. The marketing staffs of 
Company Z produce schedules detailing approximately when the products will be returned; this information is then 
passed over to the procurement people as a input to ensure that the company is neither out of stock or over stocked 
with remanufactured products.  
On the other hand, Company Y, whose customers are mostly individual customers, have greater difficulty in 
estimating the number and the time of products returned. The marketing staffs of Company Y rely on personal 
justification and past experience to complete this task. Then, their opinions are translated into inventory planning by 
the procurement staff.  
 
Investment in product recovery technologies 
In both case companies, investment in product recovery technologies is rare, as most jobs are carried out 
manually. When the case companies intend to invest in such technologies, they must consider this carefully due to 
the uncertainties of the remanufacturing business.  
It is the job of the marketing people to analyse the customers’ needs and what value the customer wants. This 
function is extremely apparent within Company Y, whose activities focuses on the aftermarket business. On the 
other hand, in Company Z, in addition to collaboration between the finance and marketing functions, the decisions 
of the company must be synchronised with new product introduction policies from its parent company, which 
produces new photocopiers. If the parent company is likely to produce entirely new products that use different 
technologies in coming years, then using financial resources to acquire new technologies is not recommended.  
 
Estimation of the selling price of remanufactured products, based on cores’ condition. 
Company Y and Z both show similar findings regarding collaborations to address this issue. The selling prices 
of remanufactured products are affected by the condition of cores. It is the job of the procurement staffs that carry 
out the sorting to determine the value of cores; with this information, they consult with marketing staffs to determine 
the potential target market, and finances staffs, who are responsible for the accounts.  
As the level of innovation in photocopiers is higher than that in gearboxes, there is more variation in selling 
price for the former than in the latter. The amount of technology, product variety and product models of 
photocopiers is much higher than those of gearboxes. In addition, photocopiers can be categorised as multi-
functional devices that combine a scanner, copier, printer and facsimile. Some photocopier products feature all four 
of these functions, and others have just one or two of them. Thus, this variety creates uncertainty pertaining to the 
selling prices of remanufactured products. 
 
Assessing the value of incoming cores and depreciation value of inventories 
There is a significant difference between how to assess the value of incoming cores and the cores that have been 
stored in the warehouse. Assessing the value of incoming cores is much more difficult than measuring the 
depreciation value of existing cores stock. Incoming cores vary more in condition, while the depreciation value is 
typically determined using accounting methods. To carry out these tasks, staffs from the procurement and finance 
departments work together. 
Company Y assesses the value of incoming cores using a case-by-case technique, as cores are returned in units 
rather than batch or bulk numbers. Moreover, each returned product has different conditions, as the owners of the 
products require customised services. Basic information, such as the production year, speed, gearbox models are 
amongst the information required to assess the value of incoming cores. Procurement staffs in consultation with the 
marketing department, assess the value of incoming cores. Meanwhile, to assess the value of existing cores in the 
warehouse, the procurement staffs must liaise with finance department staffs, to determine their value. Typically, the 
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values of gearboxes in the warehouse are relatively steady, as they are functional products whose value is relatively 
stable.  
On the other hand, it is easier for the procurement function staffs in Company Z to assess the value of incoming 
cores. This is because there is an instrument attached to photocopiers that is useful to assess their value; the 
instrument provides data regarding the performance of the photocopiers, for example how many A4 sheets, how 
many A3 sheets, how many scans, and how many prints have been successful or not. In addition, the technology 
embedded in the product can also provide the engineers with a history of the products’ usage. All of this information 
is useful to assess the value of incoming cores.  
To confirm the value of incoming cores, procurement staffs provide the technical specifications and finance 
staffs provide assistance regarding how to assess the residual value. For example, procurement staffs have 
established guidelines that an OPC drum should run 100,000 copies, whereas registration rollers are able to do 
250,000 copies, and the fusion section 100,000 copies. To support the assessment, finance staffs develop guidelines 
regarding how to assess the value of the components in the case they have done only a fraction of the maximum 
capabilities.  
 
Avoiding product return and gate keeping 
Product return avoidance refers to the decision to reject low quality cores that incur a high remanufacturing 
cost. The staffs in the procurement and finance functions collaborate to make these decisions. Both case studies 
reveal that the decisions are made by staffs from the procurement department in consultation with the finance 
department. However, the level of involvement of each department varies.  
Company Y relies on procurement staffs to decide whether to accept or reject incoming cores, but Company Z 
delegates this task to the marketing department. Company Y, which has a lower supply of cores is less selective 
when rejecting incoming cores. Procurement staffs attempt to avoid cores rejection as far as possible, as obtaining 
cores incurs a high cost for the company.  
On the other hand, Company Z rely on marketing staff to identify which photocopier models are most in 
demand in the market. This is due to the fact that they have a large number of cores, so the company does not need 
to obtain raw materials. All the cores come from industrial customers who have a contractual agreement with the 
company. In addition, the cores are returned to the company in a more predictable manner in comparison to those 
returned to Company Y.  
 
Deciding whether to buy new components or cannibalise existing components 
One of the main problems experienced by both case companies relates to the availability of new components. 
Both case companies agreed that cannibalising existing components is a solution, but there are components that 
must be replaced with new ones. 
Company Y, which is an independent remanufacturer, experiences serious problem pertaining to new 
components availability because it does not have access to an OEM that produces new components. Company Z is 
in a better situation; it has better access to new components because of its status as an OEM and contract 
remanufacturer. Its parent company, which is an OEM, has committed to providing support for the company. 
Similarly, as a contract remanufacturer, the company signs agreements with other OEMs that also provide supports. 
However, Company Z’s superior position does not guarantee that the new components will always be available. This 
is due to the fact that remanufacturing is typically viewed as a second business by the parent company OEM. 
Therefore, the parent company focuses on its core business of producing new products.  
Although the case companies have different levels of access to new components, the key issue is identical: 
whether or not to buy new components. This decision should be made carefully, as buying new components 
consumes a high percentage of remanufacturing costs for both companies. Both procurement and finance functions 
collaborate to decide whether to or not to buy the new components. This decision is critical, because in many cases 
it causes either profit or loss. In many cases, remanufacturing is not profitable due to the high cost of new 
components procurements.  
 
Determining the cost of the product warranty sold to customers 
Remanufactured products have a warranty that is equal to or higher than that of new products (Ijomah et al. 
2004; Thierry et al. 1995). The allocation of the warranty budget is determined via collaboration between finance 
and marketing functions. Staffs from the marketing function have sufficient understanding pertaining to the 
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warranty customers expect. Meanwhile, the role of finance staffs is to assess how much financial resource should be 
allocated for the warranty.  
Both Company Y and Z utilise the finance and marketing functions to carry out this task. However their level of 
involvement is different, as presented in Table 1. As an independent remanufacturer that relies on cores supplies 
from retail customers, the amount of financial resources allocated for warranty in Company Y is uncertain. The 
company can reduce the amount of financial resource allocated for warranty but it has to spend a higher amount of 
spending for buying new components inserted into final remanufactured products. On the other hand, as an OEM 
remanufacturer, Company Z is able to obtain new parts more easily than an independent remanufacturer. In addition, 
as a contract remanufacturer, it has better access to new parts, due to agreements with OEMs.  
 
 4.2. Research Question 2: How does cross-functional collaboration in remanufacturing companies work?  
 
Some collaboration requires a strategic approach, while others need a more operational one. Collaborations to 
solve technical and operations problems are sometimes not efficient, while assigning authority to relevant functions 
to make the decisions can be more effective. For example, the estimation of when and how many cores will be 
returned to the company (area number 2) can be categorised as a strategic issue. Company Z attempts to minimise 
this problem by conducting joint forecasts with their customers. Given that this is a business-to-business 
relationship, it requires a strategic approach implemented by top level management. On the other hand, return 
avoidance and gate keeping (area number 6) is much more technical in nature, since it is only a day-to-day 
operational issue. In addition to the areas requiring cross-functional collaborations discussed above, this study will 
also present several  original findings, which contribute to knowledge. These will be discussed in the following 
bullet points. 
 
Cross-functional collaborations and organisational performance 
A successful cross-functional collaboration in conventional manufacturing is difficult to achieve (Pagell 2004), 
and collaboration in a remanufacturing environment is even more difficult. This view was confirmed by the 
interview respondents, managers who used to work in manufacturing companies. They felt that working in 
remanufacturing companies involved greater challenges that require a higher level of cross-functional collaboration.  
In spite of the potential benefits gained from cross-functional collaborations, there are also drawbacks. 
Empirical investigations into traditional manufacturing revealed that poor execution of such initiatives potentially 
leads to adverse effects on organisational performance. Conflicts that lead to lower performance are the most 
common direct negative consequence of poorly managed collaborations. Due to the fact that remanufacturers 
experience more uncertainties in their remanufacturing operations, they are more sensitive to the negative effects of 
poorly managed collaborations.  
 
Enablers and inhibitors of cross-functional collaborations 
This study identifies at least three factors – company size, organisational mechanism, and job rotations – that 
might promote or inhibit cross-functional collaborations in remanufacturing companies. In terms of company size, 
both of the case study remanufacturers are small-sized companies, so it is easy for staffs easy to collaborate. The 
casual and informal atmosphere of Company Y supports cross-functional collaborations as individuals from within 
different functions can interact easily.  
However, like other small-sized organizations, Company Y lacks any organisational mechanisms, which could 
inhibit cross-functional collaborations. Due to this lack of organisational mechanism, the working atmosphere in 
Company Y is casual and informal. This might lead to misunderstandings across different functions, as it sometimes 
may not be clear who should do what and who is responsible for what.  
The presence of an organisational mechanism in Company Z is more established than in Company Y, and 
Company Z benefits from its presence. Everyone has clear job descriptions and responsibilities, so it is clear who 
should do what and who is responsible for what. However, to some extent, these procedures create hesitance and 
functional silos in Company Z, which inhibit cross-functional collaborations. 
Another factor that can be an enabler of cross-functional collaboration is the degree of employee specialisation. 
Employees in Company Y have low specialisation and tend to be multi-skilled; accordingly, employees can be 
rotated across different functions within the company. Job rotations place employees in different functions so that 
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understanding is increased among those functions and collaboration is promoted.  
4.3. Contextual environmental factors that affect collaborations 
     Intellectual property rights, new product development in light of new technologies, and changes in product 
design are among the theoretical factors that influence how functions within independent remanufacturing 
companies collaborate. Intellectual property protections drive OEMs to organise remanufacturing processes in-
house. This causes difficulties for remanufacturing companies in obtaining cores. In other words, the procurement 
function, in collaboration with the marketing function, should work harder to obtain cores as raw materials.  
     The introduction of new products equipped with new technologies causes independent remanufacturers to 
revise  their existing production plans and remanufacturing facilities. Production planning adjustments for existing 
cores are required, as new products means that existing cores become obsolete quicker. Evidence for this was 
found in Company Y, whose position is an independent remanufacturer without any relationships with OEMs. 
Another factor that might influence cross-functional collaboration is product design. OEMs use product 
designs to inhibit independent remanufacturers from entering the aftermarket business. For example, more recent 
models of gearboxes are sleeker and thinner, which causes difficulties for remanufacturers in reprocessing the 
cores. This evidence corroborates existing studies, which have found that OEMs deliberately design their products 
in such a way as to hinder the remanufacturing process (Sundin et al. 2012; Wu 2013). As a result, different 
functions within remanufacturing companies should work harder and collaborate more intensively to address 
products with low remanufacturability.  
4.4. Cost structure and the need for cross-functional collaborations 
The different cost structures of independent, contract and OEM remanufacturers causes different levels of 
collaboration between the various types of remanufacturers. Independent remanufacturing companies typically bear 
higher costs for activities in the post-remanufacturing process, such as packaging, sales, marketing, redistribution 
and so on. On the other hand, OEM remanufacturers can use their existing facilities and do not need to build a 
separate facility for these activities. Similarly, contract remanufacturers will send remanufactured products to the 
OEMs so that do not need the cost. Due to the higher cost that is paid by independent remanufacturers, more 
intensive collaborations are needed in comparison to contract and OEMs remanufacturers. These collaborations are 
needed to ensure that independent remanufacturers can reduce their costs and maintain a competitive position with 
contract and OEMs remanufacturers.  
Empirical evidence from conventional manufacturing research shows that cross-functional collaborations lead to 
better decision-making and enhanced customer value (Pagell 2004). This study presents similar findings, which is 
also one of the major contributions of the study. This research contributes to existing knowledge, representing the 
first time that prominent evidence has been provided to support the idea that cross-functional collaborations lead to 
reduced remanufacturing cost, higher recovery rates and more environmentally friendly remanufacturing operations. 
4.5. Uncertainties in remanufacturing and cross-functional collaborations 
The uncertainties that cause the remanufacturing work to be unstructured offer some benefit to team development 
and cross-functional collaboration. Barriers to cross-functional collaborations found in conventional manufacturers, 
such as functional silos, lack of communications, and background differences (Pagell 2004) are less apparent in 
remanufacturing context. In remanufacturing companies, all parties realise that cross-functional collaboration is 
needed, as the nature of an uncertain business requires them to do so. Functional silos, which are commonly found 
in conventional manufacturing, are weaker in a remanufacturing environment. It seems that managers lack the 
confidence to do their jobs alone, so they collaborate with others. The production plan is frequently modified, 
although it is produced on a short-term basis. This corroborates the findings of an existing study, arguing that 
managers lack confidence, as indicated by frequent forecast modifications (Clottey & Benton 2010). 
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5. Conclusion and Limitations of the Study 
This study offers at least two contributions to knowledge. First, it represents the first time that eight areas of the 
remanufacturing process have been identified as requiring cross-functional collaborations. Second, using an 
exploratory method, this research is able to reveal five characteristics of cross-functional collaborations in 
remanufacturing companies; this is a unique finding not present in existing literature.  
For managers, this study offers some practical implications. Cross-functional management in the remanufacturing 
context is like a two-edged sword. On one side, more intensive cross-functional collaborations are needed due to 
greater uncertainty in remanufacturing processes compared to their conventional manufacturing counterparts. On the 
other side, managing collaborations is more sensitive to adverse effects, due to their greater complexity. If these are 
not well managed, they have a negative effect on remanufacturers. Sensitivity to negative influence is high in the 
remanufacturing context, due to the uncertainties surrounding cores information.  
However, this research does have some limitations. Both of the remanufacturing case companies are small-sized. 
Small-sized companies do not always have all three of the functions investigated in this study, and some functions 
can be combined with others. It is possible that a certain function is the responsibility of top management; for 
example, procurement and marketing functions are managed by top management, as these tasks involve making 
agreements with external parties. Further studies could address this research limitation by using large-sized 
companies as subjects.  
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